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ABSTRACT: The aim is the fabrication and mechanical testing of sandwich structures 
including a new core material known as fiber network sandwich materials. As fabrication 
norms for such a material do not exist as such, so the primary goal is to reproduce 
successfully fiber network sandwich specimens. Enhanced vibration testing diagnoses the 
quality of the fabrication process. These sandwich materials possess low structural strength as 
proved by the static tests (compression, bending), but the vibration test results give high 
damping values, making the material suitable for vibro-acoustic applications where structural 
strength is of secondary importance e.g., internal panelling of a helicopter.  
 
KEYWORDS: Sandwich Fiber Network Materials, Mechanical Testing, Vibration Testing, 
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BACKGROUND AND MOTIVATION 
 
Characterization of fiber network sandwich materials both statically and dynamically 
presents a new challenge for the domain of mechanical testing. The determination of the 
sandwich material behavior under crushing loads and the measurements of the ductile fracture 
limits is normally done with the help of compression tests [1,2]. Typically, cores are the 
weakest part of sandwich structures and they fail due to shear. Understanding the shear 
strength properties of sandwich core plays an important role in the design of sandwich 
structures subjected to flexural loading [3,4]. Therefore, 3-point bending tests are often 
performed to find the flexural and shear rigidities of sandwich beams [5-7].  The vibration 
characteristics of sandwich materials have drawn much attention recently. The dynamic 
parameters of a structure i.e. natural frequency, damping and mode shapes are determined 
with the help of vibration testing which provides the basis for rapid inexpensive dynamic 
characterization of composite structures [8]. D.J Ewins [9] gave a detailed overview of the 
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vibration based methods. A wide amount of literature is present related to vibration testing of 
composite sandwich structures [10-16]. The equations that explain the dynamic behavior of 
sandwich beams are described extensively in the literature and notably in the references 
[17,18].  
 
The importance of material damping in the design process has increased in recent 
years as the control of noise and vibration in high precision, high performance structures and 
machines has become more of a concern. At the same time, composites sandwich researchers 
have focused more attention on damping as a design variable [19,20]. One way of increasing 
damping in sandwich materials is by putting a viscoelastic layer as core between the two 
laminates [21,22]. Jueng and Aref reported that sandwich structures with combined 
honeycomb-foam cores have higher damping than those with individual honeycomb or solid 
viscoelastic cores [23].  
 
These advancements have led to the need for developing materials possessing better 
damping characteristics. New materials like fiber network materials can be used as potential 
dampers and sound absorbers in specific applications like the inner paneling of a helicopter, 
where structural strength is not the primary requirement. Fiber network materials are made 
from natural materials (wool, cotton etc) as well as artificial ones (carbon, steel, glass etc) and 
are quickly becoming of widespread use as sound absorbers [24]. Bonded metal fibers 
network materials offer advantages for use as heat exchanger [25] or insulation [26]. These 
materials possess low relative density, high porosity and are cost-effective. Sandwich 
structures normally consist of two thin skins separated by a thick core. Traditional core 
materials are usually honeycomb, foam or balsa. Recently, a novel type of sandwich has been 
developed with bonded metallic fibers as core material [27-31]. This material presents 
attractive combination of properties like high specific stiffness, good damping capacity and 
energy absorption. Fiber network materials with carbon fibers have been also studied for 
using as core material [32]. Entangled cross-linked carbon fibers present many advantages as 
core materials i.e., open porosity, multifunctional material or the possibility to reeve electric 
or control cables on core material. L. Mezeix et al. studied the mechanical behavior of fiber 
network materials in compression [33].  Mechanical testing has also been carried out on 
specimens made of wood fibers [34], glass fibers [35] and various matted fibers [36]. There 
are also some works in the literature related to 3D modeling of wood based fibrous networks 
based on X-ray tomography and image analysis [37]. Although few works can be found in the 
scientific literature devoted to the mechanical testing of sandwich fiber network materials, and 
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in fact no scientific literature can be found related to the vibration testing of sandwich fiber 
network materials or even simple fiber network materials.  
Therefore, the main motivation of this work is to develop a process in order to 
fabricate sandwich fiber network specimens, and to test them both statically (compression and 
bending tests) and dynamically (vibration test). Vibration testing is used to diagnose the 
quality of the fabrication process and to verify the potential damping capabilities of these 
sandwich specimens. 
 
MATERIALS AND FABRICATION PROCESS 
 
Core Materials 
 
 The core of the sandwich test specimens used in this article consists of carbon fibers 
that are made of a yarn of standard carbon filaments. The specifications and materials 
properties are presented in Table 1. The fibers are provided by the company Toho-Tenax. For 
the cross-linking of carbon fibers, epoxy resin is used. The epoxy resin SR 8100 and injection 
hardener SD 8824 are used provided by SICOMIN. All the test specimens presented in the 
article are carefully weighed using METTLER balance. A better vaporization is achieved if 
the resin is heated up to 35°C before being sprayed on the carbon fibers. This allows the 
mixture of resin and hardener to become less viscous.  
 
Skin Materials 
 
Resin-containing carbon-fiber/epoxy prepreg of T700/M21 is used to fabricate the skin 
materials.  The material is supplied by Hexcel composites, the physical properties are set out 
in Table 1. The skin materials are made of unidirectional pre-impregnated plies of type 
T700/M21 [38]. The upper and lower skins consist of four plies each with a stacking sequence 
of [0/90/90/0] [39]. The skin properties can be further viewed in Table 1.       
 
 
 
 
 
 
 
 
 4 
Table 1. Core and skin properties of the sandwich fiber network material 
Core Properties 
Type of Fibers HTS-5631 Elastic Modulus 240 GPa 
Length of Fibers 10mm Diameter of Fibers 7µm 
Skin Properties 
Type T700/M21 No of Plies in the Upper Skin 4 
Stacking Sequence [0/90/90/0] No of Plies in the Lower Skin 4 
Thickness of Ply  0.125mm Thickness of Upper Skin  0.5mm 
Density of Laminate  1580 kg/m3 Thickness of Lower Skin  0.5mm 
 
Fabrication Process 
 
 The fabrication of fiber network specimens is often a tedious and complex process. As 
these types of materials are still mostly in the research phase, so as such standard fabrication 
processes do not exist. The fabrication procedure used in this article is the one developed by 
Mezeix et al. [33]. Objective of this fabrication process is to ensure that these test specimens 
can be successfully reproduced with a relative efficiency, having the same composition. For 
this purpose, vibration testing is used to diagnose the quality of the fabrication process. The 
three types of test specimens used in this article are shown in Figure 1 and their specifications 
are provided in Table 2. 
 
Sandwich Network Fiber Specimens 
 
 
Figure 1 Core Material and Sandwich Test Specimens (compression, bending and vibration) 
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 For the test specimens used in this article, approximately 900 g of fibers of 10mm 
length are cut manually. The carbon fibers are then treated in a solution of dichloromethane 
for 24 hours and are then cleaned for 2 hours in methanol. A cut fiber filament along with a 
bunch of fibers after chemical treatment is shown in Figure 1. These uncoated carbon fibers 
are then separated by a blast of compressed air. The mixture of resin and hardener is then 
sprayed on the separated carbon fibers by a spray paint gun. In case of larger test specimens, 
the volume of carbon fibers is large, so with the current technology it is not easy to spray the 
resin equally on the carbon fibers. Therefore, sandwich test specimens fabricated from the 
same mold differ a little in weight due to the inhomogeneous distribution of the manually 
sprayed resin (Table 4). The fibers vaporized by the resin are then placed in the mold between 
the two skins of unidirectional composites. In order to polymerize the fiber network sandwich 
specimens, the mold is then heated in an oven up to 180°C for two hours in a press [38].   
 
Table 2. Types of Test Specimens and Molds 
Specimen Types and Specifications 
 Compression 
Tests 
Bending 
Tests 
Vibration 
Tests 
Length (mm) 30 140 480 
Width (mm) 30 20 50 
Core Thickness (mm) 10 10 10 
Skin Thickness (mm) 1 1 1 
Mold Types, Specifications and Usage 
Type of Molds Dimensions 
(mm3) 
No and Type of Specimens 
Small 510 x 65 x 11 01 Vibration Test Specimen 
 
Large 510 x 250 x 11 02 Compression Test Specimens 
03 Bending Test Specimens 
04 Vibration Test Specimens 
 
 First the small mold is used to fabricate a single vibration test specimen with a fiber 
core density of 100 kg/m3. This specimen showed that 100 kg/m3 fiber core density is 
relatively insufficient for a volume of 480 x 50 x 10 mm3, as there are places in the core of the 
sandwich beam that lack sufficient quantity of fibers. So for the next vibration test specimen, 
a fiber core density of 150 kg/m3 is chosen. As compared to the previous specimen (fiber core 
density of 100 kg/m3), the specimen with 150 kg/m3 fiber core density has a far better fiber 
distribution. Finally a vibration test specimen with a fiber core density of 200 kg/m3 is 
fabricated by using the same small mold. It is seen that a fiber density of 200 kg/m3 for the 
core is on the higher side and it is not possible to close the mold properly. So for the 
fabrication of the next batch of specimens, a fiber core density of 150 kg/m3 is chosen. The 
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composition of the vibration test specimen having a fiber core density of 150 kg/m3 fabricated 
from the small mold is presented in Table 3.  
 
Table 3. Composition of vibration test specimens having fiber core density of 150 kg/m3 
fabricated from the small and large mold 
 Small Mold Large Mold 
Density  150 kg/m3 150 kg/m3 (Light) 150 kg/m3 (Heavy) 
Weight of Fibers 39 g 39 g 39 g 
Weight of Resin & Hardener 43 g 18 g 43 g 
Weight of Skin (Upper + Lower) 38 g 38 g 38 g 
Total Weight of Specimen 120 g 95 g 120 g 
 
 In the next step a large mold is used to produce multiple test specimens. The aim of 
using the large mold is to produce multiple test specimens possessing the same characteristics. 
The fiber core density is kept 150 kg/m3 as discussed previously. The specifications, the 
quantity and the types of test specimens that can be extracted from the large mold are 
mentioned in Table 2. First the large mold is used to fabricate test specimens having the same 
composition as that of the single vibration test specimen fabricated from the small mold. 
These four vibration test specimens fabricated from the large mold are referred to as heavy 
specimens in the article. The average composition of the four heavy vibration test specimens 
is presented in Table 3. Next, the same large mold is used to produce relatively lighter 
specimens. They have approximately 25 g less mixture of resin and hardener than the 
previously produced heavier specimens. These specimens shall be referred to as light 
specimens in future discussions (Table 3). The ratio of the mixture of resin and hardener in 
the heavy specimens is approximately 2.5 times more than that of the light specimens. The 
weight comparison of the vibration test specimens fabricated from the small and large mold is 
presented in Table 4. The difference in weights observed between the specimens is due to the 
uneven distribution of the manually sprayed resin.   
 
 The difference in resin between the heavy and light specimens can also be observed 
with the help of a scanning electron microscope (SEM). Figure 2 shows SEM observations on 
heavy and light specimens. In case of the heavy specimen (Figure 2a), the resin can be seen 
all along the length of the fibers and is seldom in the form of droplets. On the other hand, for 
the light specimen (Figure 2b), droplets of resin can be seen at the fiber joints but the presence 
of resin along the fiber lengths is negligible.     
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Scanning Electron Microscope (SEM) Tests 
 
 
 
 
 
Figure 2 SEM observations (a) heavy specimen (b) light specimen  
 
EXPERIMENTAL PROCEDURE 
Compression Tests 
 
 The quasi-static compressive response of the sandwich fiber network test specimens 
are measured in 100 kN Instron machine. The aim is to calculate the elastic modulus. Both 
light and heavy compression test specimens are tested. The specimen size chosen for the 
compression tests is 30 x 30 x 11 mm. The test specimens are placed between the moveable 
and the fixed plate as shown in Figure 3. The displacement of the machine is used to measure 
the displacement of the test-specimen. As the entangled materials are not very rigid, therefore 
a relatively small force is applied to compress the entangled sandwich materials. As the force 
is small, so it is safe to assume that the displacement of the machine is same as the 
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displacement of the specimen.  The applied velocity of vo = 2 mm/min corresponds to a 
nominal strain rate of ε&  = 3x10-3/s at the beginning of the test. The maximum applied load is 
20 kN corresponding to 22.2 MPa. To analyze the experimental results, the following 
definitions for the true strain and stress are used.    
 Strain, 





=
oh
hlnε   (1) 
 Stress, 
S
F
=σ    (2) 
 
where h is the height during compression, ho is the initial height of the sample, S is the area 
during compression. So is the initial area and F is the applied force. In our case, the area S 
varies very little during the compression tests, so it is assumed that S = So. No lateral 
displacement of the test-specimen is observed during the compression tests and the section 
remains constant. So it can be concluded that there are no barreling effects.  
 
Compression Test 
   
Figure 3 Test Specimen between the fixed and moveable plate during compression test 
 
Bending Tests 
 
 In order to measure the shear modulus of the test specimens, three point bending tests 
are carried out on the heavy and light bending test specimens on a 10 kN Instron machine. As 
discussed previously, these specimens are fabricated from the large mold and have 150 kg/m3 
fiber core density. The dimensions of these test specimens are 140 x 20 x 11 mm and the 
distance between the two supports is 80 mm, the choice of which is based on the three-point 
bending tests carried out in detail in reference [39]. The applied velocity is vo = 1 mm/min 
and the maximum applied load is 100 N. Round steel bars or pipes are used as supports 
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having a diameter of 6 mm which is not less than one half the core thickness (5 mm) and not 
greater than 1.5 times the sandwich thickness as per ASTM standards [7]. The three point 
bending test is shown in Figure 4.  
Bending Test 
 
Figure 4 Test specimen between the three supports during 3 point bending test  
 
For the analysis of a sandwich beam under three-point bending, consider a sandwich 
beam of width b and length l, comprising of two identical face sheets of thickness tf and core 
of thickness tc. Also h is the spacing of the mid plane of the face sheets (h = tc + tf), as shown 
in Figure 5. 
Schematic of a Sandwich Beam under Three-Point Bending Test 
 
 
Figure 5 Schematic of a sandwich beam under three point bending showing geometrical 
parameters 
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The load P is applied at the centre of the beam. The maximum deflection of the beam 
is due to both flexural and shear deformations. The shear deformation is dominant in the core 
and hence, the approximate expression for the elastic deflection can be expressed as:    
Maximum deflection,
SS
Pl
D
Pl
448
3
+=δ         (3) 
 
The bending stiffness D and the shear stiffness SS are given by  
 
 Bending Stiffness, 
2
2hhtE
D ss=   (4) 
 
 Shear Stiffness, CS bhGS =   (5) 
 
where Es is the elastic modulus of the skins and Gc is the shear modulus of the core. The 
maximum deflection δ  is calculated experimentally by the three-point bending test, the only 
unknown is the shear modulus Gc which is calculated by putting Equation (5) in Equation (3). 
Equations (3-5) are only valid for the beginning of the bending tests when the deflections are 
relatively small.  
 
Vibration Tests 
 
The experimental equipment used to obtain the vibration test results discussed in this 
paper is shown in Figure 6. The experimental set-up is that of a free-free beam excited at its 
center, based on Oberst method [40]. The Oberst method states that a free-free beam excited 
at its center has the same dynamical behavior as that of a half length cantilever beam. The test 
specimen is placed at its center on a B&K force sensor (type 8200) which is then assembled 
on a shaker supplied by Prodera having a maximum force of 100 N. A fixation system is used 
to place the test specimens on the force sensor. The fixation is glued to the test specimens 
with a HBM X60 rapid adhesive. The response displacements are measured with the help of a 
non-contact and high precision Laser Vibrometer OFV-505 provided by Polytec. The shaker, 
force sensor and the laser vibrometer are manipulated with the help of a data acquisition 
system supplied by LMS Test Lab.      
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Experimental Set-up for Vibration Tests 
 
              
Figure 6 Diagram of the experimental set-up 
 
The center of the test specimens is excited at Point 21 as shown in Figure 7. Burst 
random excitation is used which is a broadband type excitation signal (0-2650 Hz). The signal 
is averaged 10 times for each measurement point. Hanning windows are used for both the 
output and the input signals. The linearity is checked and a high frequency resolution 
(∆f = 0.25Hz) for precise modal parameter estimation is used. Response is measured at 41 
points that are symmetrically spaced in three rows along the length of the beam. The modal 
parameters are extracted by a frequency domain parameter estimation method (Polymax) 
integrated in the data acquisition system. Polymax is a further evolution of the least-squares 
complex frequency-domain (LSCF) estimation method. 
 
        Vibration Test Specimen  
 
Figure 7 Vibration test specimen specifying the location of excitation and measurement 
points 
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RESULTS AND DISCUSSION 
 
 Figure 8 compares the results of the compression tests carried out on the two heavy 
and two light specimens. As explained previously, the fiber core density of all the four 
compression test specimens is 150 kg/m3. The ratio of resin and hardener in the heavy 
specimens is 2.5 times than that in the light ones.   
 
Compression Test Results 
 
Figure 8 Compression stress/strain curves for the heavy and light fiber network sandwich 
specimens (150kg/m3 fiber density). The zoomed view shows the linear-elastic phase used for 
calculating the elastic modulus 
 
 From the graph (Figure 8), it can be noticed that there is a good reproducibility of 
compression tests carried out on the two types of fiber network sandwich specimens. In case 
of the heavy specimens, compression curves move from the right to the left and the 
densification starts for smaller strains (100 % for the heavy specimens). The extra resin in the 
heavy specimens results in better cross-linking of the fibers and increases the initial stiffness 
of the material which is evident by the linear-elastic phase which is quite prominent (zoomed 
view in Figure 8). The heavy specimens show a linear-elastic behavior up to around 0.8 MPa. 
The calculation of the elastic modulus is based on the linear-elastic part of the curves as 
shown in the zoomed view in Figure 8. Even if the stress-strain curves shown in Figure 8 are 
highly non-linear, there is a linear-elastic part in case of the heavy specimens. The elastic 
modulus is calculated by measuring the slope of this linear-elastic part as explained in the 
ASTM standard in reference [41]. The average elastic modulus for the two heavy specimens 
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is around 1.4 MPa. However in case of the light specimens, one has to compress longer in 
order to achieve densification (strain around 160 %) as they are less rigid as compared to the 
heavy specimens due to the lack of resin. The linear elastic phase is non-existent in case of the 
light specimens so the calculation of the elastic modulus is not possible. Unloading has not 
been performed to reveal the effects of plasticity because it is not in the scope of this work. 
The authors are mainly interested in the linear-elastic part in order to calculate the elastic 
modulus which shall be used in future for the modeling of the entangled sandwich beams.  
 
Three Point Bending Test Results 
 
Figure 9 Force-deflection curves measured under three-point bending tests for the two types 
of fiber network sandwich specimens. The appearance of the first damage in the skins is 
indicated  
 
 The aim of the bending tests is to calculate the out of plane shear modulus Gc of the 
fiber network sandwich materials with the help of the Equations (3-5) as discussed before. It 
can be seen from the force-deflection curves in Figure 9 that despite the complex nature of the 
fabrication process, the results of the three heavy as well as the three light specimens show a 
relatively good correlation. In case of the heavy specimens, the first damage in the skin 
appears around the 4-5 mm mark, whereas for the lighter specimens the first damage signs are 
after 10 mm. In addition, lesser force is required in the case of the light specimens to crack the 
skin. The average shear modulus for the heavy specimens is 10 MPa, and for the light 
specimens is 4 MPa. The values of the elastic and shear modulli are considerably low from a 
structural strength point of view. It is important to underline here that these types of sandwich 
specimens are designed for specific applications only. The main idea behind the fabrication of 
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these sandwich specimens is to have a material having good damping characteristics even if it 
does not possess high structural strength.            
 
 The aim of the vibration testing is to diagnose the variability of the fabrication process 
and to extract the global modal parameters i.e., natural frequencies and damping ratios. The 
modal parameters for the first four bending modes are studied. Firstly, vibration tests are 
carried out on the vibration test specimen fabricated from the small mold and then on the four 
light and heavy specimens fabricated from the large mold. The modal parameters extracted 
from 41 high quality frequency response functions with the help of Polymax algorithm 
integrated in the LMS data acquisition system, are presented in Table 4. As discussed before, 
the difference in weight between each of the four heavy and light specimens is due to the fact 
that with the currently available fabrication technology it is difficult to spray the resin equally 
on the fibers. This difference in weight is also evident in the natural frequencies of these 
specimens (Table 4). The heavy specimen 5 and light specimen 6 have comparatively high 
natural frequencies due to them being relatively heavier in weight than the rest.  
 
 Keeping in view the difficulty level of the fabrication process, a major aim of this 
work is to successfully reproduce multiple sandwich fiber network specimens having the 
same characteristics. For this reason, the intent is to reproduce four vibration test specimens 
identical to Specimen 1 (150 kg/m3 fiber core density and 43g of epoxy resin) in a large mold. 
The comparison of the modal parameters of Specimen 1 with those of the heavy specimens 
(Specimen 2-5) show that large sandwich specimens with fiber network core can be 
reproduced with a relative efficiency. The natural frequency of the first mode for Specimen 1 
is 225 Hz (Table 4), where as for the heavy specimens (Specimens 2-5) the average natural 
frequency for the first mode is 211 Hz with a standard deviation of 18 Hz. The main reason 
for this dispersion is the uneven spray of resin on the fibers. So vibration tests have been used 
here as a diagnostic tool in order to verify the quality of the fabrication process. 
 
 On the other hand, the light specimens (Specimens 6-9) possess better damping 
characteristics because lesser amount of resin increases the friction between the carbon fibers 
in the sandwich core (weakening the cross-linking between the fibers), which leads to higher 
values of damping ratios (Table 4). It can be said that the vibration tests verify the results 
previously found by the compression and the bending tests, which also underline the softness 
of the light specimens.  
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Table 4. Modal parameters comparison for the light and heavy vibration test specimens 
fabricated from the small and large mold (150 kg/m3 fiber core density) 
 
Type of  
Specimen 
Specimen 
No 
Specimen 
Weight (g) 
Damped Natural 
Frequencies (Hz) 
Damping Ratios (%) 
   1st  
Mode 
2nd  
Mode 
3rd  
Mode 
4th  
Mode 
1st  
Mode 
2nd  
Mode 
3rd  
Mode 
4th  
Mode 
Heavy 
(Small Mold) 
1 120.0 225 622 1064 1536 0.331 0.386 1.17 1.24 
2 124.1 222 652 1069 1550 0.331 0.386 0.622 1.235 
3 116.0 189 506 947 1493 0.464 0.697 1.204 1.263 
4 118.6 202 562 981 1428 0.556 0.641 1.033 1.124 
Heavy 
(Large Mold) 
5 126.4 230 632 1107 1673 0.691 0.792 1.351 1.126 
6 98.0 160 349 701 1217 2.75 3.29 2.65 1.59 
7 93.0 140 295 636 1160 3.31 2.18 3.98 1.25 
8 94.7 145 311 680 1179 3.63 2.98 2.53 0.93 
Light 
(Large Mold) 
9 94.5 144 320 681 1171 3.62 2.59 2.28 1.10 
 
 
 The vibration tests results show that the heavy specimens (Specimens 1-5) being more 
dense are less dissipative in nature thus possessing lower damping characteristics whereas, the 
light specimens (Specimens 6-9) having higher damping values are more dissipative in nature. 
This observation can be further explained by studying the comparison of the sum of frequency 
response functions (FRF) for Specimen 2 (Heavy) and Specimen 7 (Light) in Figure 10. The 
resonance peaks for the first four bending modes for each specimen are also highlighted.  
  
 An interesting global approach is developed next in order to compare the average 
vibratory level of the specimens. The average vibratory level is calculated by taking the 
average of the amplitude (in dB) of the sum of the frequency response function for each 
specimen. The sum of the frequency response functions can be compared for all the vibration 
test specimens in this article, as same number of measurement points (41) has been chosen i.e. 
symmetricity has been respected for all the specimens. It can be seen in Figure 10, that the 
resonance peaks of the heavy specimen are more pointed and possess higher amplitude than 
the light specimen. The resonance peaks of the light specimens are comparatively rounded 
specially after 800Hz. The average vibratory level (AVL) is also compared for the two types 
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of specimens, and it can be seen that the light specimens possess on average a 15 dB lower 
amplitude than the heavy ones.  
 
Comparison of the Sum of Frequency Response Functions 
 
Figure 10 Comparison of the Sum of Frequency Response Function (FRF) for a light 
(Specimen 2) and a heavy specimen (Specimen 7) having 150 kg/m3 fiber core density.  
 
 From Figure 10, it can be inferred that the difference in the natural frequencies 
between the heavy and light specimens signifies a loss in rigidity, whereas the change in 
vibratory level signifies a reduction in the amplitude of vibration. The percentage change in 
frequency and the change in vibrational level between the four heavy and four light vibration 
test specimens (150kg/m3 fiber core density) for the first four bending modes are calculated 
with the help of Equations (6) and (7) and the resulting values are laid out in Table 5.  
 
 Change in frequency (∆f) = )(
)()(
kf
kfkf
H
LH −
 (6) 
where fH(k) is the average frequency for the four heavy specimens (Specimens 2-5) for the kth 
mode and likewise fL(k) is the average frequency for the four light specimens (Specimens 6-9) 
for the kth mode 
 
 Change in vibratory level (∆a) = )()( kaka LH −  (7) 
   
where aH(k) is the average amplitude in dB for the four heavy specimens for the kth mode and 
aL(k) is the average amplitude in dB for the four light specimens for the kth mode 
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Table 5. Change in frequency and vibrational level for the light and heavy vibration test 
specimens for the first four modes 
 
 Mode 1 Mode 2 Mode 3 Mode 4 
% Change in Frequency (∆f) 30.1 % 45.7 % 34.3 % 23.1 % 
Change in Vibratory Level  (∆a) 10.1 dB 13.7 dB 17.9 dB 17 dB 
 
 Table 5 shows that the average change in frequency for the first four bending modes 
between the light and heavy specimens is approximately 33 %. As the decrease in natural 
frequency signifies a loss of rigidity, therefore it can be concluded that the lighter specimens 
are less rigid than the heavy ones.  
 
CONCLUSION 
 
The aim of this article is to fabricate a sandwich material that possesses high damping 
characteristics for specific applications like the inner paneling of a helicopter cabin, even if 
the structural strength of this material is on the lower side. For this reason, a new type of 
sandwich material with fiber network materials as core and unidirectional carbon pre-
impregnated plies as skins is fabricated. The advantage of the vibration testing is to diagnose 
the variability of the fabrication process and to verify experimentally the potentially good 
damping characteristics of the fiber network sandwich specimens. The static test results show 
that the structural strength of these sandwich specimens is quite low but this is admissible 
because the aim of these types of materials is not structural strength. The vibration tests on 
these specimens showed that the lighter specimens possess five times more damping and on 
the average a 15 dB lesser vibratory level than the heavier ones. Despite the complexity of the 
fabrication process, large fiber network sandwich specimens are relatively successfully 
reproduced.  
 
 In future, these types of sandwich test specimens shall be fabricated with glass fibers 
as core material with a view to improve the strength of the material. These sandwich 
specimens shall be compared with classical sandwich materials with honeycomb and foam as 
cores in order to compare their static and dynamic properties. In addition, impact tests shall be 
carried out on these sandwich materials to study their impact toughness with the help of 
modal parameter shifts. Furthermore, the authors plan to model the entangled sandwich beam 
with measured core properties in order to calculate the natural frequencies to compare with 
the test result. As entangled sandwiches are a new brand of sandwich materials, therefore such 
comparisons will provide a verification of the measured core properties. 
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